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(54) Title: ACRYLIC POLYMER COMPOSITION 
(57) Abstract 

An abrasion resistant acrylic composition comprises at least 70 % w/w of the residues of at least one polymerisable acrylic monomer 
0.2-5 % w/w of a finely divided compound comprising at least one oxide selected from silicon, titanium, zirconium and aluminium oxides* 
and 0.2-25 % w/w of at least one linking compound which is miscible with said polymerisable acrylic monomer and which is capable of 
bondmg to the surface of the oxide compound. The acrylic composition may be thermoformed whilst retaining its abrasion resistant surface 
properties. 
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Acrvtic Polymer nnmppcjij^n 

The present invention relates to an abrasion resistant polymer composition and a process 
for its preparation. 

Acrylic sheet materials are widely used for building and glazing applications and to fomn 
5 various shaped articles such as baths, sinks, vanity units and shower trays. The abrasion 
resistance of the acrylic sheet used in such applications is normally required to be as high 
as possible. One method that is currently used to impnave the abrasion resistance of 
acrylic surfaces involves the application of an abrasion resistant coating to the surface of 
an acrylic sheet. The coating is typically applied in solution to the acrylic sheet and is then 

10 cured, for example by radiation (UV), solvent evaporation or by thermal curing. For 
example. EP-A-571808 discloses antifogging film, plates and articles comprising an 
acrylic polymer support and a polymerised and UV reticulated abrasion resistant coating 
containing acrylic monomers and hydrophilic metal oxide(s). Examples of components 
within the coating that are thought to provide the abrasion resistant property are titanium. 

1 5 silica, aluminium compounds. Although abrasion-resistant coatings can enhance the 
perfonnance of acrylic surfaces against abrasion, their use on acrylic sheet which is to be 
shaped, e.g. by thennoforming. may be limited by the relatively inelastic nature of the 
coating, which may cause cracking of the coating as the surface is deformed. 
Conventional coating technology requires a two step process: polymerising the sheet 

20 followed by coating and curing the abrasion resistant fomiulation. In practice, this often 
requires a clean room environment to ensure no dust particles become incorporated into 
the surface layer. There is therefore a significant manufacturing advantage to be gained 
for an abrasion resistent product which may be delivered in a one-step process. 

Curable acrylic compositions containing a high proportion of a mineral filler, such as silica 
25 or alumina particles, are well known. These compositions are typically used to form 
articles such as kitchen sinks or worktops by mixing with a suitable thermal initiator and 

■ 

then pumping them into a heated mould whereupon they are cured to form a solid and 
Inflexible opaque moulded article. These articles generally have a relatively high 
resistance to abrasion compared to unfilled acrylic sheets of the type which are suitable 
30 for thermoforming. The addition of similar fillers at much lower levels to acrylic sheet 
materials may give some abrasion resistance properties but the polymer formed is hazy 
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It is therefore an object of the invention to provide an acrylic article which has better 
resistance to abrasion than unfilled acrylic nnateriais but which has acceptable optical 
properties for some typical sheet applications. 

5 Accordingly, in a first aspect, the present invention provides an acrylic composition 
comprising at least 70% w/w of the residues of at least one polymerisable acrylic 
monomer. 0.2 - 5% w/w of a finely divided compound comprising at least one oxide 
selected from silicon, titanium, zirconium and aluminium oxides, and 0.2 - 25% w/w of at 
least one linking compound which is miscibie with said polymerisable acrylic monomer 
10 and which is capable of bonding to the surface of the oxide compound. 

In a second aspect the present invention provides a polymerisable composition 
comprising at least 70% w/w of at least one polymerisable acrylic monomer. 0.2 - 5% w/w 
of a finely divided compound comprising at least one oxide selected from silicon, titanium, 
zirconium and aluminium oxides, and 0.2 - 25% w/w of at least one linking compound 
1 5 which is miscibie with said polymerisable acrylic compound and which is capable of 
bonding to the surface of the oxide compound. 



In a third aspect the present invention provides a process for forming an acrylic 
composition comprising the steps of: 

(a) mixing together 

20 (i) 70 - 99.5 % w/w of a polymerisable acrylic monomer or a solution of a polymer in 

a polymerisable acrylic monomer with 
(ii) 0.5 - 30% w/w of a dispersion comprising 20 - 50% w/w of a finely divided 
compound selected from the oxides of silicon, titanium, zirconium or 
aluminium and 50 - 80% of a linking compound least one linking compound 
which is miscibie with said polymerisable acrylic compound and which is capable 
of bonding to the surface of the oxide compound; 

(b) adding to said mixture a quantity of one or more initiator(s) which is sufficient to 
initiate polymerisation of the acrylic monomer under the conditions used; and 

(c) causing the acrylic monomer to polymerise. 



25 
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Although dispersions of colloidal silica particles for example, in e.g. hydroxyethyl 
methacrylate are known for use in coating compositions used to provide abrasion 
resistant coatings on acrylic surfaces, it has been surprisingly found that the addition of 
such a composition containing an abrasion resistant component to the monomer(s) used 
5 to make the acrylic polymer before polymerisation results in a polymer with good optical 
properties and also improved abrasion resistant properties compared to the unmodified 
polymer. 

The polymerisable acrylic monomers are alkyi (alk)acrylic acids and esters thereof, 
including functionalised monomers such as hydroxy, halogen or amine functionalised 

1 0 acrylate or methacrylate monomers. Preferably the monomer(s) comprise one or more 
alkyI acrylates. alkyI methacrylates or acrylic or methacrylic acid. e.g. methyl, ethyl, 
hydroxyethyl. butyl. 2-ethylhexyl. cyclohexyl or phenyl esters of acrylic acid or methacrylic 
acid. One preferred acrylic material comprises a homopolymer or copolymer of methyl 
methacrylate comprising 80 - 100% of methyl methacrylate residues and 0 - 20% of an 

1 5 alkyI acrylate or methacrylate selected from those materials listed above. 

The at least one linking compound is miscible with the acrylic monomer(s) and preferably 
contains at least one functional group such as an acrylate or methacrylate group which 
may be copolymerisable with the acrylic monomers. When more than one functional 
acrylate or methacrylate group is present, the linking compound may be capable of 

20 providing a cross-linking site in the acrylic polymer. The linking compound is also capable 
of bonding to the surface of the oxide compound and this is conveniently achieved by the 
use of compounds containing polar groups, e.g. having hydroxyl functionality. Preferred 
compounds are hydroxyl or other polar grbup-containing acrylate or methacrylate 
compounds although other compounds may also be suitable. Suitable compounds 

25 include hydroxyethyl methacrylate (HEMA). hexanediol diacrylate. tripropylglycol 
methacrylate. ethylene glycol monopropylether. 3-aminopropyl trimethoxysilane and 
ethanolamine or mixtures thereof. Some compounds may perform the function of the 
linking compound adequately whilst having certain disadvantages in certain applications, 
e.g. the use of coloured compounds or compounds which develop a colour under the 

30 conditions of manufacture of the composition or any article made therefrom may be 
unsuitable when a clear product is required. 
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The finely divided oxide compound preferably has an average particle size between 1 
and 50 nm, more preferably between 5 and 35 nm. It is present at 0.2 - 5% in the 
composition, more preferably at 0.5 to 30/0 by weight. A preferred oxide compound is 
colloidal silica. The oxide compound is preferably added to the acrylic monomer or 
5 polymer/monomer solution in the form of a dispersion in the linking compound. Suitable 
dispersions are available commercially for use as coating compositions to provide 
abrasion resistant coatings. Examples of suitable commercial dispersions include the 
HIGHLINK™ compounds available from Clariant. e.g. Highlink OG 100-30. The ratio of 
said linking compound to said finely divided oxide is preferably in the range 1:1 - 5:1 
10 (more preferably 2:1 - 4:1 ) by weight. The dispersion is preferably present at 0.2 to IO0/0. 
more preferably 2 to 8% by weight in the polymerisable composition. 

The acrylic compositions can be made by conventional free radical, anionic or other 
polymerisation techniques, for example bulk, solution or suspension with the addition of 
suitable initiators and optionally chain transfer agents and/or other additives such as 

15 cross-linking additives, fillers, pigments, plasticlsers. impact modifiers, stabilisers etc. 
Therefore the monomer(s) are caused to polymerise by initiating the polymerisation 
reaction, normally by means of activating the added initiator, and maintaining suitable 
conditions, e.g. an elevated temperature, pressure etc until the required degree of 
polymerisation has been achieved. Such methods are already very well known to the 

20 skilled person and a large number of such methods exist in the art. As one preferred 
option, free-radical polymerisation is used. e.g. in a bulk polymerisation process used in 
the well-known cell-casting method of manufacturing high molecular weight acrylic sheets 
in which a (mixture of) polymerisable monomer(s). optionally with polymer dissolved 
therein to fom, a syrup, is mixed with an initiator or mixture of Initiators and other additives 

25 and filled either into the gap between two glass plates which are separated by a gasket or 
into a bag or other mould. The polymerisation reaction is then thermally initiated and the 
polymer allowed to form and cure at elevated temperature. The acrylic composition of the 
present invention may be in the form of sheets, which may be suitable for shaping by e.g. 
(themno)forming. or of powders or pellets, which may be extruded. When a powdered or 

30 pelleted compound is required then the method of polymerising the polymer may also be 
selected from suspension polymerisation, solution polymerisation or by crushing or 
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pelletising a bulk polymerised product. Methods of forming acrylic polymers by 
suspension or solution polymerisation are well known in the art and therefore need not be 
further described. 

The present invention is illustrated by reference to the following examples. 

5 Example 1 Preparation of cast Dolvm>»thY| p r,etharrYlat f» fpMMA^ sh«»At 

A mixture comprising 2.2 - azobisisobutyronitrile (AIBN) (0.08% by weight). HIGHLINK™ 
OG 100-30 (from Clariant) which is a dispersion of 30% by weight colloidal silica of a 
particle size 13-30 nm in HEMA (2.5% by weight), with the balance of the composition 
being made up of a standard PMMA syrup comprising a solution of PMMA in 

10 methylmethacrylate (MMA) monomer was mixed using a high shear mixer at maximum 
setting for 1 minute. The mixture was placed In a cell comprising two glass sheets spaced 
3.2 mm apart from each other by a non metallic gasket. The cell was sealed and 
immersed in a water bath at 45 'C for 20 hours. The mixture was then post cured for 2 
hours at 60 °C followed by 2 hours at 80 »C. followed by heating at a rate of 0.5 'C /min up 

15 to 118 "C and held at 118 "C for 1 hour. The cell was then cooled and the glass sheets 
removed to release the resulting cast PMMA sheet. 

50 mm square samples of the cast PMMA were abraded by applying to their surface a 
rotating 33 mm diameter circular abrasive disc comprising aluminium oxide bonded in 
resin fibres ("ROLOC FINE GREEN" from 3M company) for 60 seconds at a constant 1 80 
20 rpm under loading forces of 1 . 1 0 and 20 Newtons (N) respectively. The abrasion 

resistance of each sample was estimated by determining the light transmission and haze 
before and after the abrasion treatment using a spectrophotometer in accordance with 
ASTMD1 925-76. The results are shown in the table. 

Example 2 

25 A cast PMMA sheet was made as described in example 1 using only 0.5% w of the 
Highlink in the fomnulation. Testing was earned out as before at a loading of 20N. 

Example 3 (ComnrirRtive) Prenaration of rnatg d PMMA «»fir nplp?T 

A 3 mm thick sample of cast PMMA sh et was coated with a mixture of HIGHLINK OG 
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100-30 and 0.2% w/w/ of AIBN initiator at various wet thicknesses of 100. 50. 24 and 12 
microns and cured. The resulting coatings were poorly adhered to the substrate and 
showed evidence of cracking and for this reason they were not tested. In order to 
improve the coating properties, a coating was fomiulated from a trifunctional aliphatic 
5 polyester urethane acrylate oligomer (Craynor™ 929 from Cray Valley) diluted to 50% 
w/w in hexanediol diacrylate with the HIGHLINK composition at a ratio of 1 :1 by weight. A 
photoinitiator (Darocur ™ 1 1 73) was added at 2% w/w prior to coating. The coating was 
applied at a wet thickness of 4 microns and cured under UV light In a commercial UV 
coating apparatus. The coated samples were then tested as described in example 1. 
10 The results show that the abrasion resistance performance was comparable to that of 
Examples 1 & 2. 



iDle 4 rcomparafix/«>) 

50 mm square samples of standard cast PMMA coated at 4 microns wet thickness with 
UVECRYL™ 29203 (UCB Resins), a UV curable aliphatic urethane acrylate abrasion 
15 resistant coating, were prepared and abraded on the coated surface. The optical 

properties were measured as described in Example 1 . The results show that the PMMA 
of the present Invention is at least comparable in abrasion resistance performance to 
PMMA coated with "UVECRYL 29203". 



Example 5 rcomnaratiw) 

20 50 mm square samples of unmodified cast PMMA. i.e. PMMA syrup polymerised without 
the presence of the oxide compound, were abraded and the optical properties measured 
as described in Example 1. The results show that the abrasion resistance of the samples 
of the invention are superior to that of the unmodified PMMA. In that the light transmission 
remains greater and the haze less than that of the unmodified PMMA at all loading levels. 

25 Example 6 fcomparatiyf ) 

A PMMA sample was cast from a similar PMMA in MMA syrup which had been mixed with 
cristobalite silica (mean particle size 6 nm) dispersed as a slurry in MMA. i.e. so that the 
linking compound of the invention was not present. The amount of slurry used gav a 
total concentration of 0.75 %w/w of silica in the total acrylic mixture. Th mixture was 
30 initiated and polymerised as before. The resulting sample of acrylic polymer was abrad d 
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and tested as described in Example 1 . The results show that this material had a much 
higher haze value than the others and that the light transmission and haze degraded with 
abrasion. 



10 




nole 7 ThermnforminQ of Ranip|ft«t 

PMMA sheet of Examples 1 . 3 and 5, was (thermo)fomied by placing a mould and sheet 
assembly in an electric oven preheated at 180 °C for 30 minutes. A two-stage rotary 
vacuum pump was attached to the mould and maximum vacuum applied. When 
thermofbmiing had been completed the assembly was cooled under vacuum until the 
PMMA surface temperature had dropped to 80 «»C or below. The moulded article was 
then removed from the mould: The resulting mouldings from Examples 1 and 5 were 
satisfactory in appearance whilst that of Example 3 was shown not to have been fully 
drawn and cracks were visible on the drawn surface. 
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1 An acrylic composition comprising at least 70% w/w of the residues of at least one 
polymerisable acrylic monomer. 0.2 - 5% w/w of a finely divided compound 
comprising at least one oxide selected from silicon, titanium, zirconium and 
aluminium oxides, and 0.2 - 25% w/w of at least one linking compound which is 
miscible with said polymerisable acrylic compound and which is capable of bonding 
to the surface of the oxide compound. 

2 An acrylic composition as claimed in claim 1. wherein the linking compound contains 
at least one functional group which is copolymerisable with the acrylic monomers 
and a polar group which is capable of bonding to the surface of the oxide compound. 

3 An acrylic composition as claimed in claim 2. wherein the linking compound 
comprises a monofunctionai or polyfunctional acrylate or methacrylate compound 
which additionally contains a polar hydroxyl group. 

4 An acrylic composition as claimed in claim 3. wherein the linking compound is 
selected from hydroxyethylmethacrylate. hexanedioldiacrylate or 
tripropylglycolmethacrylate. 

5 An acrylic composition as claimed in any one of claims 1 - 4. wherein the finely 
divided oxide compound comprises colloidal silica. 

6 An acrylic composition as claimed in any preceding claim, wherein the finely divided 
oxide compound has an average particle size between 1 and 50 nm. 

7 An acrylic composition as claimed in any preceding claim, wherein the ratio of said 
linking compound to said finely divided oxide is preferably in the range 1:1 - 5:1 by 
weight. 

8 A polymerisable composition comprising at least 70% w/w of at least one 
polymerisable acrylic monomer. 0.2 - 5% w/w of a finely divided compound 
comprising at least one oxide selected from silicon, titanium, zirconium and 
aluminium oxides, and 0.2 - 25% w/w of at least one linking compound which is 
miscible With said polymerisable acrylic compound and which is capable of bonding 
to the surface of the oxide compound. 

9 a process for forming an acrylic composition comprising the steps of: 
(a) mixing together 
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(i) 70 - 99.5 % w/w of a polymerisable acrylic monomer or a solution of a polymer in 
a polymerisable acrylic monomer with 

(ii) 0.5 - 30% w/w of a dispersion comprising 20 - 50% w/w of a finely divided 
compound selected from the oxides of silicon, titanium, zirconium or aluminium 

(b) adding to said mixture a quantity of one or more inltiator(s) which is sufficient to 
initiate polymerisation of the acrylic monomer under the conditions used: and 

(c) causing the acrylic monomer to polymerise. 

10 An acrylic composition as claimed in any of claims 1 - 8 which is in the form of a 
sheet, powder, peiiet or bead. 



XDOCID: <WO_ 0a0S284A1 J.> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



T O?^*^*"'^^iT!S'* °P SUBJECT MATTER 

IPC 7 C08F265/^6 C08F20/12 C08K3/36 C08K3/22 



imem <iai AppUcatlon No 

PCT/GB 99/02206 



AcooKiing to International Patent Qa ssilieation (IPC) or to both national cteasMication and IPC 
B. FIELDS SEARCHED 



Documentation Marcned other than minimum documentatton to me extent that 



such documents am Included in the fields searched 



Electronic data t>asa consuned dunng the international search (name of data 



base and, where praclicai, search terms usad) 



C. DOCUMENTS COWSIDgRED TP BE RELEVANT 

Gategoiy • | Citation ol document, wtth indication, where appropriate, of the relevant 

EP 0 571 808 A (ATOCHEM ELF ITALIA) 
1 December 1993 (1993-12-01) 
cited In the application 
examples 3,4 
claims 

EP 0 659 530 A (ROEHM GMBH) 
28 June 1995 (1995-06-28) 
examples 



MO 96 26238 A (ARISTECH CHEMICAL CORP) 
29 August 1996 (1996-08-29) 
page 28, line 11 - line 16 

examples 3,5 

claim 1 



passages 



Relevant to daim No. 



1-14 



1-14 



1-14 



I X| P"rt»»'<tocumenls are listed in the continuation of box C. 

* Special categories of cited documents 

•A" document defining the general state of the art wtuch Is not 
considered to be of particular relevance 

^Ji^S" fcjutpubft^ international 

iinrig date 

•L- docuTOrt which nrwy throw doubts on pftenty ctaim(8)or 
iSfr ^° establish the publication date of another 

citation or other special reason (as specified) 

*«hermee!S^'"^ *° Closure, use. exhbttion or 

pubUshed prior to the international filing date but 
later than the pnorily date claimed 

Date Of the actual completion of the international aeaich 

14 October 1999 

Name and mailing address ol the ISA 

i'!'°**S2irS? « 5818 Patennaan 2 

NL - 2280 HV Ri}swijk 

Tel. (>3l-70) 340-2040, Tx. 31 651 epo nl. 

Fax: (^1-70) 340-3016 

Feim PCT/ISAaiO (sMond Mat) (JiAy 1902) 



|X I family members ate Usted in annex. 



international fiimg date 
LST^^ ® with the applicat»n but 

SwSntton"*^'^"^ «he principle or theory undertying the 

"X" document of particular relevance: the dalmsd invention 
<Mnnot be considered novel or cannot be considered to 
involve an inventive step when the document is taicen alone 

"Y- document of partlcutar relevance: the claimsd invention 

cannot be considered to involve an inventive steo when the 
document is combined with one or more other aTch docu-^ 
niei^^auch combination being obvious to a person skilled 

^ document member of the same patent family 
Date of mailing of the mtemattonat search report 

22/10/1999 

Authorized officer 



Polllo, M 



WO_0005284A1_I > 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



•ntem nal Applleatlan No 

PCT/GB 99/02206 




FoiRl PCT/ISAffilO « 



30OCI0: <WO„ 0005284A1 I > 



I Of socond M«MJt^ 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

IMonr n on patmit family m embcr » 



Patent document 
cited in search report 



Publication 
date 



EP 0571808 



01-12-1993 



EP 0659530 



28-06-1995 



WO 9626238 



29-08-1996 



International AppUeation No 

PCT/GB ' ^02206 



Patent family 
merrrt>er(s) 



Publication 
date 



WO 9714749 



24-04-1997 



1255297 B 
141316 T 
2096997 A 
1083833 A 
69303978 0 
69303978 T 
2093312 T 
932398 A 
7034005 A 
931892 A 
5342683 A 



EP 0685511 



06-12-1995 



4343868 A 
9403271 A 
69756 A 

306480 A 
2097186 C 
9400451 A 

156894 A 



5521243 A 
690017 B 
4973296 A 
2188465 A 
1149881 A 
0757704 A 
9512303 T 
5567745 A 
5747154 A 
5705552 A 



5880207 A 
7432696 A 
2235158 A 
0856032 A 



26-10- 

15- 08- 
28-11- 

16- 03- 
19-09- 

02- 01- 
16-12- 

28- 11- 

03- 02- 

29- 11- 

30- 08- 



-1995 
■1996 
•1993 
•1994 
•1996 
1997 
1996 
1993 
1995 
1993 
1994 



29- 06- 

13-12 
28-09- 

26- 06- 

27- 11- 

30- 06- 
11-07- 



1995 

1995 
1995 
1995 
1997 
1995 
1995 



28- 05- 
09-04- 

11- 09- 

29- 08- 
14-05- 

12- 02- 
09-12- 
22-10- 

05- 05- 

06- 01- 



1996 
1998 
1996 
1996 
1997 
1997 
1997 
1996 
1998 
1998 



09-03-1999 
07-05-1997 
24-04-1997 
05-08-1998 



1269796 B 
2149601 A 
1120564 A 
8047667 A 
5698270 A 



15- 04-1997 
20-11-1995 
17-04-1996 
20-02-1996 

16- 12-1997 




•;S0OCID; <WO_000Sa84Al l .> 



« lunly timn) (JUy 1882) 



